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Introduction
So far, public pension wealth 1 has not been adequately considered in research on the distribution of wealth even though essential in obtaining unbiased wealth estimates. This is surprising for two reasons: First, in most countries public pension wealth is a substantial component in the individual's wealth portfolio that grows in importance over the adult's working life. Second, with the payment of compulsory contributions shared equally by employers and employees, the majority of the working age population saves a significant amount of their gross earnings in the statutory pension scheme month by month. For countries like Germany with their matured pay-as-you-go pension (PAYG) systems, the latter is clearly more important in quantitative terms than it is in liberal welfare systems that put a greater emphasis on private oldage provision. In cross-country analyses, the omission of social security wealth from wealth estimates clearly raises issues of comparability (Frick and Headey 2009 ).
For each individual, the accumulation of social security wealth usually starts with the first job that is subject to social insurance contributions and ends with the transition into retirement.
Therefore, social security wealth is a reflection of the individual's earnings history and retirement benefits are a proxy for a person's lifecycle labor market attachment. Whether a person accumulates social security wealth also depends on the employment status. While the majority of dependent workers are protected by Germany's statutory public pension scheme (Gesetzliche Rentenversicherung, henceforth GRV) and are thus obligated to contribute, civil servants and the majority of self-employed are not, and hence, are either covered by separate schemes or through their investment in private pension funds.
Apart from individual-level factors, the accumulation of social security wealth also depends on the respective legal, political and economic framework the individual operates in. In recent years, this institutional context has undergone a sea change -in parts because of numerous labor market and public pension reforms. These changes involve more flexibility, greater job insecurity and less social protection in the labor market. As a consequence, employment trajectories become more heterogeneous with likely adverse effects for the accumulation of social security wealth, at least for some groups of the population. At the same time, there is increasing pressure on the overall financial viability of the German pay-as-you-go pension system (Gruber and Wise 1999) .
1
The terms public pension wealth and social security wealth are defined as the total sum of individual pension rights accrued over the life-course. These pension rights translate into old-age public pension benefits as the individual retires. Both terms are used interchangeably throughout the paper and refer to entitlements in the oldage public pension scheme only.
4
This is -at least partly -due to far-reaching demographic changes resulting from an unprecedented rise in life-expectancy (Christensen et al. 2009 ) as well as decreases in fertility rates (Kreyenfeld 2009 ). These demographic pressures have prompted a sequence of reforms in the public pension system manifested in benefit cuts and changes in the public/private-mix in pension provision (Bonin 2009 ). When compared to today's pensioners, future retirees with the same lifecycle labor supply will render less social security wealth.
All of the above developments will have significant repercussions on economic inequality among future retirees in Germany. Quantifying these distributional consequences is of innate importance, however difficult because of the lack of adequate micro data. Population surveys -at least in Germany -don't ask for social security wealth, because respondents usually lack knowledge about the present value of their respective entitlements. 2 Administrative data keep detailed information about pension entitlements. However, information about other wealth categories and the individual's socio-economic background including the household context is missing. Ideally, survey and administrative data could be directly linked with a unique identifier in order to bring together the best of both worlds. In Germany, record linkage is infeasible for data confidentiality reasons. Hence, statistical matching may be the second best solution but the one and only way to overcome the drawbacks of both data sources and make use of their respective merits.
In this paper, we present a double matching approach that provides an important methodological contribution. The matching links data from up to 24 waves of the population representative German Socio-Economic Panel with information from the Sample of Active Pension Accounts maintained by the German Social Security Administration. An additional link to data from the pension rights splitting divorce statistics (Versorgungsausgleichsstatistik) controls for otherwise unconsidered effects arising from a marital split. The matched data not only allow for the evaluation of effects reforms in the public pension scheme and the labor market have on social security wealth, it is also the most relevant prerequisite to reduce bias in wealth inequality research.
2
In 2006, the SOEP group performed a pretest asking for the person's social security wealth. The question generated more than 92% missings, the reliability of information given by the remainder of respondents are questionable.
5
The paper sets out some background information on the system of old age provision in Germany (Section 2). In Section 3, we describe the data and present the matching variables.
Section 4 presents four potential imputation and matching strategies and compares the results of robustness tests for the group of retirees to understand which matching approach fits our data best. The technique that serves our purpose best is then applied to the total population providing the basis for a comprehensive wealth measure. Section 5 illustrates the effects of considering pension wealth in wealth inequality analyses.
The System of Old Age Provision in Germany
The statutory pension insurance is by far the most important pillar in the provision of retirement benefits in Germany. Throughout their adult working lives, more than ninety percent of the population gets in touch with the public pension scheme for at least once. Today, the scheme covers more than 35 million actively insured individuals. 3 In almost every job, employees pay contributions into the social security system, a certain fixed share of their earnings up to some maximum amount. 4 The employer matches these payments. 5 By paying contributions into the system, employees accumulate entitlements in the form of so-called earning points. 6 Periods of nonemployment can translate into earning point equivalents or pension rights as well. These periods are spells of education, unemployment, sickness, childcare or long-term care etc. The total sum of earning points multiplied by the actual pension value, and a factor reflecting the individual's retirement age then translates into the person's final pension benefit upon retirement. Therefore, public pensions are roughly proportional to the individual's labor income.
7
For today's generation of retirees, they are still the predominant source of retirement income (Kortmann and Halbherr 2008c) , with occupational and private pensions clearly playing a secondary role only. On average, the monthly public pension benefit of West German male whitecollar workers amounts to 1,442 Euro in 2007 (Kortmann and Halbherr 2008a; Kortmann and Halbherr 2008b) . To qualify for this average benefit, the employee and employer(s) have to pay a 3 Actively insured persons have at least one period of paid contributions (payment of compulsory or voluntary social insurance contributions, marginal employment) or creditable periods (Anrechnungszeit) stored in the individual's pension account.
4
In so-called mini jobs, one type of marginal part-time employment, individuals can earn up to €400, where only the employer pays 22 percent in contributions for health care and pension insurance. The sum of €400 is exempt from income tax and employee contributions. The individual earning points describe the earnings position of an individual relative to the average earnings of all the individuals that pay contributions into the public pension scheme. For any year t, the earning point equals 1 if the i th individual earns as much as the average of all contributors in time period t. 6 total of 316,000 Euro (expressed in 2007 Euro) in pension insurance contributions over the course of the employee's working life. This amount stresses the relevance of social security entitlements in wealth inequality analyses, particularly for dependent workers, as the obligatory contributions cannot be invested in alternative forms of old-age provision.
Civil servants and the self-employed don't pay contributions into the public pension scheme. These occupational groups are either covered in separate schemes or invest in private pension arrangements. 8 In 2008, the government-sponsored, non-contributory civil service pension scheme covers 1.8 million active civil servants and provides benefits to 680,000 former public sector employees and to 300,000 survivors in Germany (Bundesministerium für Arbeit und Soziales 2008). With its generosity the German civil service pension scheme stands out in comparative perspective, mitigating the need for additional retirement income from other sources. 9 The system of old-age provision is most heterogeneous for the 4.5 million self-employed in Germany. In fact, about 25 percent of them are covered by compulsory schemes, such as farmers or the liberal professions, but to very unequal conditions in terms of coverage and the provision of benefits (Loose and Frommert 2009) . 10 The rest lacks a formal coverage: some rely exclusively on private pension arrangements, whereas others accumulate entitlements in several different schemes. 11 This brief glance at the system of social security in Germany illustrates the quantitative relevance of the public pension scheme in the provision of retirement income for a large share of the active working age population. Furthermore, the composition of old-age income is highly correlated with the person's occupational status.
8
A certain share of persons is not in the civil service from the beginning of their career. Typically, they have already accumulated some entitlements in the public pension scheme prior to their transition into the civil service. At retirement, these entitlements are credited against their civil service pension.
9
The replacement rate of civil servants who retire after forty years of full-time employment amounts to 72 percent of their last gross earnings. In contrast, the replacement level for the standard retiree (worked 45 years with average earnings) reaches approximately 48 percent of previous earnings. The higher tax burden decreases the replacement rate of former civil servants relative to that of dependent workers. On average, civil servants pay about €558 in taxes and transfers compared to €148 paid by dependent workers (Bundesministerium für Arbeit und Soziales 2008, p. 208 ff.)
10
While benefit levels for farmers are comparatively low, self-employed in the liberal professions enjoy replacement rates comparable to those of civil servants.
11
The employment patterns of the growing group of solo-self-employed show alternating spells of self-and dependent employment explaining that they also receive benefits from the public pension scheme.
Figure 1 Composition and Level of Monthly Old-Age Income before Taxes for Men and Women Aged 65 and older

Source: ASID 2007, own calculations
These issues are captured in Figure 1 illustrating the differences in level and composition of monthly old-age income for men and women aged 65 and older by occupational status. 12 For men, between-group differences in total income are very pronounced: on average, civil servants enjoy 70 percent higher incomes than blue-and white-collar employees. Self-employed are somewhere in between. On average, they receive 22 percent higher income than workers, but 29 percent lower income than civil servants. Even more striking are differences in old-age income among women aged 65 and older. With an old-age income barely above € 1,000 per month female white-and blue-collar workers fare much worse than other women. Self-employed women clearly lag behind civil servants in terms of their monthly old-age income as well. Also noticeable are differences in the composition of old-age income for men and for women. Civil servants receive more than 90 percent of their total income out of the civil service pension scheme. Workers draw a large share of their total income out of the public pension scheme complemented by income from occupational and private pensions. Female workers rely heavily on survivor's benefit. This income component accounts for a third of their total income. The composition of retirement income is most heterogeneous among formerly self-employed. They not only draw benefits from several different old-age schemes, but also receive a significant share of their income from earnings
12
The categorization is based on information about the person's last occupational status prior to retirement. 7 8 indicating that many continue to work above age 65. 13 Formerly self-employed women also rely on survivor's benefits amounting to 25 percent of their total income.
Data Description and Matching Variables
Data Limitations and Availability
The consideration of social security wealth in inequality research requires the use of complex micro data that have to satisfy certain criteria: First, these data have to be representative of the total population ideally providing a large number of observations to allow for subgroup analyses. Second, they have to include information on life-cycle earnings and wealth not only at the individual level but also for all members of the household and needs sharing unit. In Germany, neither administrative, nor survey data meet these criteria.
Although administrative data 14 are often appreciated for the large number of observations and their presumably high precision, these data serve administrative purposes in the first place.
However, these purposes don't necessarily meet researchers' interests and needs. For the group of self-employed, working above age 65 is not necessarily an economic exigency, but an intrinsic motivation.
14
The terms register data and administrative data are used interchangeably.
15
Due to legal changes, these program rules change over time (Stegmann 2008 it is technically infeasible due to the lack of unique identifiers.
Hence, statistical matching of administrative and survey data may provide a second best solution to overcome the drawbacks of both data sources (Rasner et al. 2007 ) and to reduce bias in wealth inequality research. 17 Unlike record linkage, statistical matching does not aim at finding the exact same person, but links cases that are statistically similar -similar in terms of certain characteristics which are systematically related to the object under investigation and which are observed in a most similar way in both data sets.
Data Description
This paper presents a two-step matching procedure involving three data sets. estate, financial and business assets, tangible assets after deducting any outstanding mortgages and consumer debts) we expect that the consideration of our social security wealth estimate provides a well suited measure for a less biased analysis of inequality of an extended wealth measure in Germany.
Matching Variables, Slice Variables, Matching Populations
With record linkage being infeasible, we use statistical techniques to combine information from two or more data sets. For this data combination to be successful, data sets need to share a set of common variables defined and measured in similar ways. The data combination
18
A personal pension account is conditional on having at least one event over the life-course that constitutes rights in the statutory pension insurance. These entitlements can result from gainful employment, but also from other pension-relevant events such as periods of childcare, long-term care or entitlements resulting from a pension splitting in case of a divorce.
19
In the remainder of this paper, the Statistic for Pension Rights Splitting in Case of Divorce will be called Divorce Statistic.
20
Data come in the form of a case-statistic with each row representing one divorce. Individuals with multiple divorces can show up multiple times in the data. Data only covers those divorces with a splitting of pension rights following a marital split.
11 distinguishes slice and matching variables. Slice variables partition the data to only match individuals within certain predefined strata. We slice the data sets by sex, region and immigrant status. 21 The partitioning avoids matches of individuals that are sufficiently dissimilar, especially if these groups are believed to differ in how they accumulate pension entitlements.
Matching variables are continuous. They serve the purpose to identify pairs that are statistically close to each other; ideally, these paired cases are statistical twins with respect to the matching variables. A distance metric is used to assess how close both records are. Pensionable earnings and pension-relevant transfer payments (e.g. unemployment benefits, etc.) mainly determine the individual's social security wealth. An aggregate measure summarizes all income that qualifies for the accumulation of pension rights (earnings, unemployment benefits, sickness allowances, etc.).
22
The income measure enters the equation as a three-year moving average to smooth individual income histories (average income for the years 1984-1986; 1985-1987, …, 2003-2005 This reverse completion of income information was necessary, because otherwise cases with missing values are excluded from the matching process. Furthermore, it improves the efficiency of the matching exercise assuming sufficient quality and representativeness of the imputed income data.
24
In the survey data at hand, respondents report their monthly earnings, whereas in social security data earnings are cut at the maximum contribution ceiling, e.g. the amount above which no additional social insurance contribution have to be paid and no additional entitlements are accrued. For 2007, the maximum contribution ceiling was fixed at €5,250 in monthly gross earnings for West Germany and €4,550 for East Germany (Deutsche Rentenversicherung Bund 2009a). For previous years' incomes thresholds need to be adjusted accordingly with the respective year-and region-specific values.
t matched at all.
1992 and three years for all children born thereafter. 25 In addition, various duration variables enter the computation of the distance metric. These measures reflect the number of years spent in different activities such as employment, unemployment, education, compulsory military or community service (only for men), as well as long-term care giving. Finally, the statistical matching includes the age of the respondent as of 2007.
Given the population representativeness of the SOEP, we match VSKT information to SOEP data. Hence, the SOEP is the recipient file. This matching direction enables us to keep the population representative demographic structure of the SOEP population and eliminate potential issues of selectivity inherent to VSKT data. Non-validated pension accounts are a possible threat to the quality of matches. At some point during working life, the German Social Security
Administration asks each person to validate the information stored in his or her pension account. 26 The account validation completes the individual record with all information missing but relevant for the calculation of benefit amounts and eligibility and corrects erroneous data. 27 Once validated, the individual pension records provide reliable data. We do not know, whether information is incomplete or flawed, but the likelihood of errors in non-validated accounts is higher than in validated accounts. 28 This paper is based on validated accounts only. 29 We also allow for sampling with replacement. This implies that one VSKT case can be the statistical match of several SOEP cases, whereas a certain share of VSKT cases is no
Statistical Matching: Alternative Approaches
There are different strategies to complement SOEP data with VSKT information on social security wealth. To test which strategy fits the data at hand best, we compare the performance of four imputation and statistical matching approaches. Imputation is the generic term for a group of techniques typically used to handle item-nonresponse in survey data. The general idea is that 25 Each credit is worth one earnings point, equivalent to the average earnings of all contributors in the respective year.
26
This procedure is called account validation (Kontenklärung).
27
Typically, periods spent in school or university, as well as periods of child-rearing are missing in the data, since those are not submitted electronically to the GSSA. In the course of the account validation, these periods are credited to the individual's earnings record.
28
Exceptions are accounts that were validated several years ago. The period between the validation and the sampling lacks proper validation.
29
Restricting analyses to validated accounts reduces the number of observations from 568,586 to 336,069 cases. Non-validated accounts are selective in that individuals are significantly younger, because they had no reason to validate their information yet. Migrants are largely overrepresented in non-validated accounts. Migrants who worked in Germany for some years and then left the country account for these overcounts. It is important to exclude these accounts, because they would be wrongfully matched. Also, most women with non-validated accounts have not yet reported the birth of their children. Childcare credits are a crucial variable in the statistical matching of women, which requires validated information (Rasner 2010 Typically, both records -complete and incomplete -are part of the same data set which is the preferred data setup for the so-called hotdeck imputation. In our application social security wealth is missing for all SOEP records, but observed for all VSKT cases. This corresponds to the set-up for so-called colddeck imputation routines. We pretend that the underlying data coming from SOEP and VSKT belong to the same data set and therefore apply hotdeck imputation.
31
The residuals equal the difference between the actual social security wealth in the VSKT population and their respective prediction based on the regression results. Unlike the Euclidean distance, the Mahalanobis score incorporates both correlations between matching variables and differences in variances. First, this implies that highly correlated matching variables don't enter the computation of the Mahalanobis distance with the same weight. This property is particularly useful in our application, since the individual's annual income at time t is likely to be highly correlated with the annual income at time t+1. 33 Further, the Mahalanobis distance controls for differences in variances of the considered matching variables.
A systematic bias in our results requires an additional match that accounts for the splitting of pension rights between ex-spouses that is carried out in the statutory pension insurance. For each divorce, pension rights accrued by husband and wife during their marriage are summed up and then split in half right upon divorce. 34 The splitting cannot be adequately considered in the matching of SOEP and VSKT. This inadequacy results out of the fact that at the time SOEP respondents are asked to report their monthly pension benefit, it is impossible to tell entitlements from employment (or other individual pension relevant circumstances) and those resulting from the pension splitting apart. Information available in the divorce statistics correct for this bias resulting from the statistical matching of SOEP and VSKT that does not consider the divorce effect. 35 To estimate the divorce correction, we combine VSKT and divorce statistics using record linkage.
The unique identifier is a combination of exact amount of the premium (bonus) or deduction (malus) from pension splitting, gender, region, and age. Based on the linked data, we estimate group-wise linear regression models that provide us with the divorce correction for the SOEP data. Figure 2 illustrates the statistical matching process.
of treatment effects in evaluation studies. PSM serves as a strategy to correct for selection bias that results out of systematic differences between two samples. The statistical matching is carried out using an estimated propensity score that is the conditional probability of assignment to a treatment given a vector of covariates. The propensity score is the predicted value of a (logit or probit) regression that indicates the probability of receiving a treatment.
Applied to SOEP and VSKT data, there is no reason to expect systematic differences in the two sample populations. Cases cannot be assigned to treatment and control group in a meaningful way. Therefore, PSM is not considered in the robustness tests performed in the following section. For an application of PSM using SOEP and VSKT see Geyer and Steiner (2010) .
33
If the Mahalanobis distance measure did not control for the correlation between the various matching variables, the matching process in our application would be completely driven by income variables as those provide the majority of matching variables.
34
The partner who earned higher pension rights transfers half of the difference in entitlements to his/her former spouse. In practice, women are the principal beneficiaries of pension splitting, because of their comparatively weaker labor market participation. For the majority of divorced couples the splitting takes place right upon divorce, bonuses and maluses remain unaffected by remarriage of either ex-partner.
35
The first matching fails to take divorce into consideration. 
Evaluation Criteria and Sample Specification
Since there is no theoretical reason to pick one imputation or statistical matching technique over its alternatives, the decision process is solely based on empirical reasoning. To validate which approach fits the data best, we run robustness tests for the group of retirees in both data sets. Only for this segment of the population, there is an effective control for the quality of the match. Survey respondents provide the presumably true pension benefit (henceforth observed benefit) that allows for the comparison with the simulated benefit resulting out of the four matching and imputation techniques. 39 We assess the validity of each approach using three criteria: 1) correlation coefficient of the observed and matched public pension benefit; 2) absolute average difference between observed and matched benefit; and 3) for the overall fit graphical representation (kernel density plots) of the difference between observed and matched benefit. Each criterion is evaluated for the total population and within each of the six matching strata.
40
For the robustness tests, both datasets are restricted to retired individuals aged 60 to 67 who actually report an old-age pension benefit from the statutory pension scheme. Individuals receiving disability benefits are omitted from the analysis because of significant differences in eligibility rules and pension benefit calculation. The analysis excludes civil servants because they lack pension-relevant income for most parts of their working life. If they accrued any entitlements in the public pension scheme, they are typically credited against their civil servants pension as they retire. For self-employed individuals in the SOEP, income information was set to zero for the years of self-employment because it is typically not pension-relevant. Potential SOEP matching partners come from Samples A, B, and C. Ideally, these cases are observed from the very beginning of the panel study in 1984 in West Germany and 1990 in East Germany, respectively, therefore providing the maximum information for the backward imputation of missing income data. The specification of the matching populations reduces the sample size for this validation exercise in both datasets to 34,353 VSKT and 659 SOEP observations.
Results
For the total population of retirees (all six matching strata) pairwise correlations between observed and matched public pension benefits are best for Mahalanobis matching. The correlation 39
In the remainder of this paper, the terms observed and reported benefits are used interchangeably. Both describe the public pension benefit information provided by SOEP respondents. As with all survey information, data are prone to response error 40 We conducted additional robustness tests to assess the stability of results by drawing five random samples with replacement and five disjoint random samples without replacement. Results are available upon request.
coefficient r MAHA of almost 0.7 is slightly higher than for UVIS and the regression-based approach with 0.67 and 0.68, respectively. Hotdeck imputation clearly lags behind (r HOT =0.22).
The lack of association between observed and matched benefit for hotdeck imputation is also Mahalanobis renders the best outcome with respect to the average distance criterion.
Despite comparatively small average distances for groups 4 to 6 under hotdeck, the standard deviation is by far the highest. With respect to the standard deviation, UVIS performs best for East German men as well as East and West German women, whereas Mahalanobis is better for West German men and male migrants. The distribution of matched values from the regression-based imputation has the lowest standard deviation for the group of female migrants.
Kernel density plots depict the distribution of differences between observed and matched benefit information for all four approaches. Ideally, these plots are symmetric, unimodal and clustered around zero with a small standard deviation. Figure 3 presents the kernel density plots for the total population.
The graphic representation underlines that hotdeck is not the appropriate imputation technique. The distribution of differences has a substantial standard deviation with very long tails to both sides. Despite its better performance compared to hotdeck, the UVIS distribution has no unambiguous peak. The distribution (red curve) appears to be much wider at the top with several smaller peaks. The kernel density plots for the regression approach and Mahalanobis come closest to the ideal. The distribution for Mahalanobis is centered around zero but shows a small bump at +250. The kernel density curve for the regression-based technique has no such bump, but the peak of the distribution is more spread out. 
Discussion
Mahalanobis distance matching is the best performing technique if we factor in all three criteria. Nonetheless, certain patterns require further explanation. First, there is a systematic negative bias in the absolute average difference between observed and matched benefit information. Second, it is obvious that there are significant between-group differences indicating that on average, the quality of matches is better for some groups than for others. According to Appendix A2 the absolute average distances between reported and matched benefit information are negative for the total population as well as for most of the individual groups. This bias indicates that matched information is systematically higher than observed public pensions. The payment of insurance contributions for health and long-term care is one possible explanation for this bias. On the one hand, in VSKT data, we observe the gross public pension benefit (Rentenbetrag). From this gross benefit, the German Social Security Administration pays contributions into the health and long-term care insurance and then transfers the remaining (net) public pension benefit (Rentenzahlbetrag) to the beneficiary (Deutsche Rentenversicherung Bund 2009b). 42 On the other hand, it is most likely that retirees in the SOEP report their public pension benefit net of these contributions.
A special administrative feature of VSKT data might also contribute to the bias. For each observation in the VSKT a fictitious disability pension benefit is calculated. This step serves the purpose of calculating a present value of social security wealth for not (yet) retired persons under consideration of current pension law. Unfortunately, a fictitious disability pension is also calculated for individuals who already draw benefits (instead of providing the actual public pension benefit). Differences in eligibility criteria and benefit calculation for disability and old-age retirees possibly cause the overestimation of approximated pension benefits in the VSKT, because it fails to account for actuarial adjustments in case of early retirement.
Concerning the obvious between-group differences (see Table 1 ) robustness tests yield some explanations: First, the quality of matches is closely linked to the number of years a person has been observed in the SOEP as well as the number of years with positive income information.
Second, the quality of the match depends on how good a predictor the observed information is for the individual's final public pension benefit. The beneficiary and the Statutory Pension Insurance equally share contributions to the health and long-term care insurance for retirees. The retiree's contribution amounts to 10.15 percent of her final public pension benefit (Deutsche Rentenversicherung Bund 2009a).
43
We also tested a matching algorithm that was exclusively restricted to income information. This variant rendered exceptionally good results for West German men, underlining the predictive power of income for their final public pension benefit. Results are made available upon request.
elites that increase the final benefit significantly but cannot be controlled for in the data at hand. 44 Second, the labor markets East German men worked in before and after reunification had not that much in common. In the centrally planned economy, everybody had a job and unemployment was no issue, whatsoever. It was therefore favorable in terms of pension entitlements that West German pension law was extended to the time individuals lived in the former GDR (Börsch-Supan and Schnabel 1999). However, post-reunification experiences were quite different with age-earnings profiles being flat and returns to tenure and experience significantly lower when compared to West German men (Orlowski and Riphahn 2009). 45 Unemployment, for a significant share even long-term unemployment largely limited the ability to accumulate pension entitlements. 46 Taken together, these reasons explain why the observation of only the most recent years might not be the very best predictor for the final pension benefit of East German workers.
The quality of matches are better for East German women than for East German men. At first sight, this evidence is surprising as both men and women are observed for the very same period. However, East German women benefit to a lesser extent from the transfer of entitlements from special and additional pension schemes than men (Seitz 2003) . The adverse effects these benefits have on the matching quality are therefore less strong for women.
47
Further, despite the supposedly existing gender equality in the former GDR, older cohorts of East German women never achieved gender parity (Trappe 2007) . Women in our sample were disadvantaged with respect to earnings and occupations before, but also lacked proper employment opportunities after reunification. 48 The period of East German women's lives actually observed in the SOEP data is to a greater extent representative for the unobserved part, which improves the matching quality for this group. Additionally, East German women have by 44 The compulsory social insurance pension scheme (Sozialpflichtversicherung) and the voluntary pension scheme (freiwillige Zusatzrentenversicherung) were the two building blocks of the pension system in the former GDR. A certain privileged segment of the population had access to special and additional pension schemes. Persons covered by the special pension scheme (Sonderversorgungssystem) -app. 300,000 individuals -accrued entitlements exclusively in this scheme. Persons covered by the additional pension scheme received benefits as a supplement to their regular old-age pension from the compulsory social insurance pension scheme (Seitz 2003) . Benefits from both schemes can be considered rather generous. 45 Orlowski and Riphahn suggest that for many East German men job-specific human capital was outdated and did not match requirements of job market in unified Germany (2009).
46
Given that the production of VSKT data is directly linked to administrative processes the available information is by nature more accurate, in particular when measuring short spells of unemployment. In the SOEP, respondents might not perfectly recall these shorter spells. Due to higher unemployment rates in East Germany following reunification these differences in measurement might contribute to a greater difference between observed and matched pension benefit than is the case in West Germany.
47
With a share of 92 percent men were highly overrepresented in the special pension schemes and to a lesser extent so in the additional pension schemes with 54 percent (Seitz 2003) .
and large more homogeneous working careers. For these reasons, differences between reported and matched benefit information are smaller for East German women than for men.
The matching results for West German women appear to be less good than those for East German women. Despite a longer period of observation, data mostly covers the period of economic inactivity following the years of childbearing and childrearing. This inactivity is particularly prevalent among older birth cohorts of women as a consequence of the strong female caretaker/male breadwinner notion the West German postwar welfare state promoted. 49 Due to these rather uniform working patterns, the years observed in the survey are not necessarily representative for the unobserved period of life. Therefore, the second half of West German women's working lives is not such good a predictor for their final public pension benefit.
50
Following this line of argument it comes at no surprise that the matching quality is poorer for migrants. On average, years observed for both male and female migrants fall short of those observed for natives. It is likely that these years are not representative for the total employment biography. Pensions based on bilateral social insurance treaties with other countries (Vertragsrenten) also account for large differences between observed and matched benefit information among migrants. 51 For the matching, it is infeasible to separate benefits earned in
Germany from benefits earned in other countries.
Taking Divorce into Consideration
The second match serves the purpose of taking the pension rights splitting into account, which could not be approximated in the SOEP. If the divorce effect was not considered, matches would be systematically biased for all divorcees understating the compensating effect arising from the pension splitting. 52 The divorce correction by and large improved the quality of matches. The weak labor market attachment of West German women is reflected in the matching variables: For each year observed, more than half of this group has a pension-relevant income equal to zero.
50
The average difference between observed and predicted benefit for women with 40 and more years of employment is -8.98 Euro compared to -87.06 Euro for women with less than 40 years of employment.
51
Persons who worked and accrued pension rights in Germany and another country receive a Vertragsrente (Himmelreicher 2005) . Individuals qualify for the payment of such a pension if the two countries have a bilateral social security agreement (also totalization agreement). groups, the standard deviation of differences between observed and matched benefit can be reduced applying the divorce correction and consequentially, the quality of matches for divorcees converges to the quality of non-divorced individuals.
The results outlined in Sections 4.2 and 4.4 justify the application of the double matching strategy to the working age population in order to obtain an augmented database for the analysis of economic well-being for the total population in Germany. The matching excludes retirees assuming that for this population of retirees the amount stated in the questionnaire is more reliable than any simulated benefit could possibly be. The matching samples for the working age population are specified in line with the criteria outlined in Section 4.1. We assume the matching 54 The shift is more significant for West than for East German divorcees, because pension splitting was only introduced in 1991 and confined to entitlements earned and marriages divorced thereafter. 
Wealth Inequality
In this section, we perform an analysis of wealth inequality. The measure of interest is total net worth, an aggregate measure obtained from the SOEP 2007 wealth module. 55 We extend the measure of net worth by taking the matched present value of pension entitlements accrued from statutory, company and private old-age schemes into account and analyze the impact on wealth inequality.
The calculation of total pension wealth differs by employment status (retired vs. nonretired) and occupational group (e.g. dependent employment, civil servant, etc.). For already retired individuals, we use benefit information respondents provide in the SOEP income section.
For non-retired persons, we use accrued pension entitlements in the statutory pension scheme derived from the statistical matching (Section 4). This method of approximation is infeasible for special occupational schemes for farmers or the liberal professions (e.g. lawyers or doctors) and company pensions. Like dependent employees, survey respondents engaged in these professions are unable to report their current amount of entitlements in these schemes. Second, there is no data available to replicate the statistical matching to gather similar information on pension entitlements in these special occupational schemes. For non-retired individuals in professions not covered by the statutory pension scheme, entitlements are therefore largely underestimated. This underestimation does not apply to the civil servants, because their entitlements can be reliably approximated: As a final-salary scheme, gross earnings during the last three years of service and the number of service years are the basis for the calculation of benefits. 
Calculating the present value of pension entitlements
The wealth inequality analysis considers the present value of recurring future pension payments. The estimation of this present value requires the consideration of information on 55 Total net worth is the sum of owner-occupied and other real estate holdings, financial assets, assets from life assurance policies and private pension schemes, building loan contracts, business assets, valuables, net of all outstanding consumer and mortgage debts.
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The three-year average of earnings are multiplied by factor 1.79375 and the number of service years. Therefore, the maximum replacement level after forty years of employment amounts to 71.75%. The assumption to use the current pay level leads to an underestimation of the future pension entitlement, given that subsequent increases in the pay level cannot be considered. 
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We assume the future indexation of pension payments to be in line with inflation, so that the real value of entitlements stays constant over time. 58 For discounting purposes, we assume an interest rate of two percent. 59 Entitlements from private pension schemes require no present value calculation, as this wealth component is already covered by the SOEP questionnaire.
Individual net worth without pension entitlements
In a first step, we look at individual net worth alone, completely omitting the present value of pension entitlements. Aggregated net worth for individuals in private households in Germany amounts to about 5.9 trillion Euros in 2007 (Table 3) . If this amount was evenly split, each adult 57 By applying the current individual tax rate, a relatively high tax burden is assumed for active insured persons. The actual tax burden would, however, have to be simulated separately for each age cohort at the time of entry into retirement. Because of the recently introduced deferred taxation, however, such a simulation requires major assumptions about the future income situation of the persons in question, which clearly goes beyond the scope of this paper.
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Because of the pension reform of 2004 and the sustainability factor introduced with it, future pension entitlements will decline from birth cohort to birth cohort for the same number of payment points. For reasons of simplicity, however, this aspect is ignored here.
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In alternative specifications we vary this interest rate between one and three percent; the choice of interest rate influences, by definition, the amount of the present value but changes little in the basic relationships according to occupational groups as described here.
person would have about 83,000 Euro at his or her disposal. Comparing mean and median of the distribution gives a first indication for the degree of overall inequality. In fact, median wealth amounts to only 15,000 Euro. Thus, the mean exceeds the median by factor 5.5.
The standard life cycle hypothesis states that individuals save by cutting down on consumption during working life to finance their retirement (Modigliani 1988) . Hence, net worth and age are strongly related and savings serve the central purpose of consumption smoothing over the life cycle. Figure 4 confirms this age-pattern for Germany, but also shows pronounced differences in levels of life-cycle wealth accumulation by occupational status. The self-employed accumulate the highest levels of net worth. At age 60, self-employed have a total net worth of almost 400,000 Euros, which is twice the amount of civil servants and 3.5 times more than net worth of dependent employees insured in the statutory pension scheme. These marked differences also hold for dependent employees with continuous occupational careers with no or few spells of unemployment ending up with an average net worth equal to 140,000 Euros at the age of 60 years, i.e., somewhat before retirement. 
Individual net worth considering pension entitlements
In the following analyses we add the present value of pension wealth to the net worth measure used above. A first look at the shape of the age-profile of pension entitlements meets our expectation: Entitlements grow with increasing age up to the time around retirement, with the slope in the second phase of working life being somewhat steeper ( Figure 5) . The shape of the present value of pension entitlements is similar to age-earning profiles, because paid contributions are a fixed share of earnings up to some maximum threshold (Beitragsbemessungsgrenze). At retirement, the individual exchanges the accumulation of entitlements for pension payments for the rest of his or her (statistical) life, therefore gradually decreasing the present value of pension entitlements.
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Figure 5 also illustrates that the level of the discount rate matters: With a discount rate of two percent the net present value of all pension entitlements equals about 5.6 trillion Euros in 2007 which corresponds to an average value of 78,500 Euros for every adult in Germany or a median of roughly 47,000 Euro. While choosing a discount rate of two percent appears like a somewhat normative decision, this value reflects the long-term real interest rate for federal bonds in Germany. Alternatively, an interest rate of 1% and 3% yields an aggregated net value of pension wealth of 6.5 and 4.9 trillion Euros, respectively. The corresponding means amount to about 91,000 and 68,000 Euros.
More important for the sake of our analysis: The choice of the discount rate impacts the level of the present value of pension wealth, but it does not change the shape of the distribution over the life cycle. For all three curves in Figure 5 , the present value peaks at retirement age. The maximum value for a discount rate of 1% is 210,000 Euro, for a rate of 2% more than 190,000
Euros and finally for a rate of 3% the maximum equals 170,000 Euros.
With the statistical death of an individual, the present value of entitlements equals zero. What happens to the distribution of total net worth if we incorporate the present value of pension entitlements? Figure 6 compares the age profiles for (public) pension entitlements, total net worth, and the extended total net worth measure including pension entitlements. Pension entitlements peak at around retirement (65 years) with more than 190,000 Euros, whereas total net worth peaks somewhat earlier at around age 60 with a value of about 140,000 Euros. Net worth decreases after age 60, but at a slower rate than pension entitlements. This decrease in net worth is possibly due to early inheritances or gifts to children and grandchildren. Interestingly, net worth increases again for the oldest-old (ages 80 and over) which might reflect a concentration of wealth holdings among widow(er)s following inheritances, but also demographic processes such as selective mortality in favor of wealthy elderly (survival of the fittest, here: wealthiest).
Finally, for the extended wealth measure we observe a maximum amount of more than 300,000
Euros around retirement age. 
Wealth inequality and pension entitlements
For 2007, Table 3 indicates that the Gini-coefficient for net worth is 0.80. The top 20 percent of the adult population hold almost 80% of total net worth, whereas the three bottom quintiles own less than 3% of total net worth. About one twelth of the adult population has negative net worth (not explicitly shown in Table 3 ), indicating that liabilities exceed gross wealth.
On the other hand, the Gini-coefficient for public pension wealth is only 0.566, thus significantly lower than the one we observe for net worth. The extended measure of net worth including pension wealth brings the Gini-coefficient down to around 0.6, decreasing inequality by one quarter when moving from the distribution of net worth to the one using our amended measure.
Results for the Half-squared coefficient of variation (HSCV) point in the same direction as those using the Gini-coefficient, but they are even more pronounced. For net worth, the HSCV is exceptionally high with 6.5, whereas the corresponding value for public pension entitlements is only 0.7. Accordingly, the HSCV for the extended net worth measure is "reduced" to 2.0, decreasing inequality by more than two thirds. Compared to the Gini coefficient, the reduction is more pronounced for the HSCV because of the top-sensitivity of this indicator and the shape of the upper tail of the wealth distribution being much wider. According to the P90:P50 percentile ratio, the lowest amount of wealth found in the top decile is 14 times higher than the median of the net worth distribution. For the extended wealth measure, the respective ratio is only 3.8, again indicating as significant reduction decrease in inequality (by 73%). All in all, our empirical evidence clearly suggests that pension entitlements are less concentrated than net worth with various factors contributing to this difference. First, almost every person living in Germany accumulates entitlements in at least one pension scheme, whereas not every person holds positive net worth. Second, pension entitlements can only take on positive values -at least it cannot become negative according to our measurement. Therefore, even the bottom quintile of the adult population has a positive present value of pension wealth, which is not true for the bottom quintile of net worth. According to Table 3 , the share of individuals holding zero or negative net worth is 28%, whereas less than 5% -mostly very young individuals -have not yet accrued any public pension entitlements. In addition, pension benefits are capped at some maximum amount, which by definition limits inequality. Figure 7 restates the equalizing effect pension wealth has on the extended wealth measure, comparing the present value of pension wealth by deciles of net worth. In the graphical representation, the lower part of each bar depicts the average net worth ranging from minus 12,000 Euros in the bottom decile to more than 500,000 Euros in the top decile. In this illustration, we hold the deciles of net worth fixed and add the corresponding present value of pension wealth, which yields the average extended wealth by net worth deciles. For the lower half of the distribution, variation in the mean of total pension wealth is small (between 45,000 and 65,000 Euros). Nevertheless, for this bottom half of the distribution, pension wealth is obviously far more important than total net worth. Pension entitlements gradually increase for the upper half of the net worth distribution.
This increase can be seen as a function of the principle of equivalence according to which high income earners also pay higher contributions (in absolute terms) yielding higher pension entitlements. At the same time, we can assume civil servants with rather favourable pension entitlements, especially from the executive class, to be overrepresented in the top wealth deciles.
But this increase in PPW is not at the same pace as the one for net worth. For the top decile of net worth, pension wealth amounts to approximately 130,000 Euros compared to the corresponding net worth of more than 500,000 Euros. First, this finding is influenced by a change in the composition of the population as we find an increasing share of self-employed with rather little PPW when moving up the wealth hierarchy. Second, the upper contribution ceiling in the statutory pension insurance top-codes the amount of contributions to be paid, and accordingly, the maximum pension benefit received. 
Net worth and pension entitlements by occupational status
The individual's employment career is an important proxy for the accumulation of wealth.
Among other factors, the occupational status determines a person's income level and also his or her ability to save.
61 Table 4 provides evidence on how occupational status relates to wealth holdings in Germany. In 2007, unskilled, semi-skilled workers and salaried employees (without vocational training) held roughly 34,000 Euros in financial and material assets. In comparison, skilled workers such as foremen or masters came close to 70,000 Euros in assets. Net worth for employees with management responsibilities amounts to more than 120,000 Euros.
In general, civil servants own above average net worth, which is especially true for civil servants in executive or administrative positions with an average individual net worth of more than 140,000 Euros. Civil servants in the sub-clerical or clerical service accumulate substantially less (67,000 Euros), but still more than skilled workers and salaried employees. The self-employed have the highest level of financial and material wealth. Business assets largely account for this accumulation. The more employees work in the business of a self-employed SOEP respondent, the higher total net worth: For those with no employees individual net worth equals nearly 170,000 Euros, self-employed with one to nine employees more than double this amount (about 61 In what follows, persons are differentiated by occupational position as measured in the SOEP survey year 2007. One person may nevertheless have been active earlier in another occupational position, which may affect both the amount of financial and material wealth and old-age pension entitlements.
350,000 Euros). Finally, self-employed with ten or more employees have an individual net worth of more than 1.1 million Euros, clearly leading the wealth hierarchy.
Trainees and apprentices are at the early stages of their occupational career. At a median age of 21 years, they had little time to accrue much net worth or pension entitlements. Wealth holdings of the unemployed are also below average with about 15,000 Euros. In line with the standard life-cycle model of saving, the elderly have above average net worth. This is especially true for retired civil servants with a measure of net worth of nearly 190,000 Euros. In comparison, pensioners in the statutory public pension scheme have net worth of less than 100,000 Euros at their command. Civil servants are at an advantage in the accumulation of wealth not only because of the higher educational attainment of this group, but also because they do not have to pay a similarly high share of contributions into their pension scheme as dependent employees. Civil servants only pay an implicit contribution to their tax-financed old-age provision, which ceteris paribus allows for greater savings.
As pointed out before, there are marked differences in old-age pension schemes in terms of organization and the provision of benefits by occupational group. Table 4 illustrates these differences in the present value of pension entitlements. Among those individuals still in the workforce, the relative position of civil servants benefits most from the consideration of pension entitlements. For low and medium level civil servants, pension entitlements amount to 92,000
Euros. For high level civil servants (executive and administrative class) these entitlements are even higher (almost 150,000 Euros). In fact, their accumulated pension wealth nearly doubles their net worth. In contrast, dependent employees do not benefit to the same extent from the inclusion of the present value of pension entitlements. For the various groups of dependent employees, total pension wealth makes up rather similarly for 54,000 Euros to 75,000 Euros.
Even the pension wealth of currently unemployed individuals is quite similar (52,000 Euros).
This finding underlines the important role the public pension scheme plays in stabilizing the individual's economic position even in case of (short term) unemployment. However, with the most recent labor market reforms in 2005 in Germany, pension entitlements for long-term unemployment have been drastically reduced. Thus, old-age poverty might be on the rise for segments of future retirees. The likelihood of becoming poor is even higher for this group, because they do not have much command over any relevant net worth (in financial and material assets). For the self-employed the respective figures vary on a somewhat lower level compared to dependent employees (between 35,000 Euros and 56,000 Euros). Unlike other occupational groups, it is in the individual responsibility of the self-employed to provide for old age. They typically invest in life insurance policies or property. Following from this, the consideration of the present value of pension wealth in the extended wealth measure clearly improves the position of civil servants relative to the self-employed. Nevertheless, the self-employed by and large remain on top of the wealth distribution.
Focussing only on working-age individuals, the age profiles of net worth and extended wealth for self-employed, civil servants, and dependent employees in the statutory pension scheme support these findings (Figure 9) . The self-employed are on top of the net worth distribution throughout their working life (20 to 65 years). However, the profitable old-age provision for civil servants gives them a lead in the extended wealth distribution after age 60. extended wealth -grv-empl. net worth -self-empl.
extended wealth -self-empl. net worth -civil servants extended wealth -civil servants (including potential occupational pensions), with retired civil servants and self-employed. Retirees in the statutory scheme are entitled to a pension wealth of almost 130,000 Euros. The favorable position of civil servants improves further with total pension entitlements of more than 310,000
Euros. Their total net worth including pension entitlements sum up to more than 500,000 Euros in 2007. Thus, retired civil servants have more extended wealth at their disposal than self-employed with up to nine employees (roughly 390,000 Euros).
Various factors contribute to this result: Apparently, men are over represented in the group of (retired) civil servants, an indicator for continuous full-time working careers. In turn, women are over represented among retirees in the statutory pension insurance. This finding reflects both the higher female life expectancy and the female surplus in the oldest cohorts as induced by World War II. Above and beyond such demographic factors, there are two additional institutional characteristics, which explain the pronounced difference between pensioners in the statutory pension scheme and retired civil servants: First, most civil servants enjoyed a continuous employment history without any unemployment spells. Other things being equal, such interruptions reduce the amount of contributions paid and accordingly, the level of benefits from the public pension insurance. Second, the pension scheme for civil servants is a final salary scheme and their earnings typically peak during the final years of service, whereas benefits in the statutory pension scheme take the entire wage history into account. 62 Taken together, these aspects emphasize that the civil servants pension scheme is by far more generous than the statutory pension scheme.
Conclusion
Entitlements from old-age pension schemes -statutory, company, and private -represent a considerable source of wealth. However, wealth inequality analyses have so far failed to adequately take these entitlements into account because of data limitations. This paper takes on this challenge by using a statistical matching technique. We successfully link individual record survey data from the German Socio-Economic Panel (SOEP) -containing information on individual net worth -to detailed administrative data on pension entitlements from the statutory pension insurance in Germany as of 2007. We calculate the present value of the future flow of pension payments arising from the entitlements accrued so far: Assuming a discount rate of 2%
yields an overall amount of individual pension entitlements (not including entitlements for survivors) of roughly 5.6 trillion Euros or -on average -78,500 Euros per adult. When this is combined with individuals' net worth held in financial and material assets, which amount to an 62
In addition, any company pensions that might accrue to employees subject to social insurance generally represent a voluntary benefit from the employer.
average of 83,000 Euros, the result is a more comprehensive measure of extended wealth of more than 160,000 Euros. This extended measure of wealth shows considerably less inequality (a reduction in the Gini coefficient by about one quarter) than one sees from traditional analyses, which refer only to financial and material assets. This reduction in inequality is mainly the result of the widespread existence of entitlements in various old-age pension schemes for nearly all adults in Germany.
We also find marked differences in levels of pension entitlements across occupational groups. With respect to their position in the wealth hierarchy civil servants appear to profit most from the additional consideration of pension wealth, whereas the wealth position of selfemployed becomes somewhat less favourable as they tend to typically invest in financial and material assets for old age and thus hold rather low public pension entitlements.
Future research in this area may discuss the appropriate way to determine the present value of pension entitlements including the proper definition of the discount rate, the projection of the development of future pension adjustments and the consideration of selective mortality, thus taking into account that high earners typically live longer than low-income groups. Furthermore, it is necessary to discuss whether and how to take liabilities to the old-age pension schemes into account. In a pay-as-you-go pension scheme, there is an implicit liability that starts with birth and persists approximately up to the middle of the working life. Adequately dealing with this phenomenon would also bring in the consideration of liabilities outside the private household sector, as employers and the state both have to contribute considerable degree to overall pension expenditures.
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Summing up, this paper gives clear evidence that neglecting public pension wealth in wealth analyses yields massive bias with respect to level, inequality and socio-economic variation.
These findings, however, may not be specific to the German case but most likely hold-to a varying degree-across most industrialized countries. Differences in welfare regimes and the emphasis these regimes put on the magnitude and generosity of publicly provided old-age insurance systems call for the consideration of pension entitlements in comparative wealth studies, for example the analyses based on the Luxembourg Wealth Study (LWS, see Sierminska et al. 2006) . While net worth can be successfully collected by means of survey data, the knowledge of pension entitlements on behalf of respondents is often limited. This shortcoming can be solved ideally by the collection of the Social Security Identifier (or equivalent information) and informed consent as to allow for record linkage of the microdata at hand with the relevant 63 A precise quantification of the liabilities to old-age pension systems is complex. It requires, among other things, simulating cohorts as yet unborn, all of whom would already have negative wealth by the time they are born.
Here we refrain from any liabilities, i.e. future contributions, to old-age pension schemes.
administrative data. As this, however, may pose a significant threat to the respondents' willingness for (further) participation in (panel) surveys, the statistical matching approach presented in this paper -considering all relevant information in the choice of the matching variables -can surely be interpreted as the best available solution to develop a comprehensive wealth measure from survey and administrative sources.
